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1

CONDUCTIVE ADHESIVE FILM AND
METHOD OF ATTACHING ELECTRONIC
DEVICE USING THE SAME

CROSS-REFERENCE TO RELATED D
APPLICATION

This application claims priority to, and the benefit of,

Korean Patent Application No. 10-2015-0155331, filed on
Nov. 5, 2015, in the Korean Intellectual Property Office, the 10
content of which 1s herein incorporated by reference 1n 1ts
entirety.

BACKGROUND
15

1. Field

Aspects of the present disclosure relate to a conductive
adhesive film and a method of attaching electronic devices
using the same.

2. Description of the Related Art 20

In general, an electronic device includes two or more
clectronic components. For instance, an electronic device,
such as a mobile phone, a notebook computer, a television
set, etc., mncludes a display panel, a main wiring substrate,
and a tlexible wiring substrate. 25

The two electronic components are electrically connected
to each other by coupling pad parts to each other. A process
of electrically connecting the pad parts of the two electronic
components includes aligning the pad parts of the two
clectronic components and coupling the pad parts of the two 30
clectronic components.

SUMMARY

Aspects of embodiments of the present disclosure are 35
directed to a conductive adhesive film having low contact
resistance and low dispersion of the number of valid inden-
tation impressions caused by conductive balls.

Aspects of embodiments of the present disclosure are
directed to a method of attaching an electronic device using 40
the conductive adhesive film having the low dispersion of
the number of valid indentation impressions caused by
conductive balls.

According to some embodiments of the inventive concept
there 1s provided a conductive adhesive film including: a 45
first adhesive member including a first msulating adhesive
layer having a first viscosity, a plurality of first conductive
balls being i1n the first msulating adhesive layer; and a
second adhesive member including a second insulating
adhesive layer having a second viscosity greater than the 50
first viscosity, a plurality of second conductive balls being 1n
the second insulating adhesive layer.

In an embodiment, the first adhesive member 1s adjacent
to the second adhesive member.

In an embodiment, the second insulating adhesive layer 55
has a thickness that 1s substantially equal to a diameter of
cach of the second conductive balls.

In an embodiment, the first insulating adhesive layer has

a thickness equal to or greater than about 4.5 micrometers
and less than or equal to about 5.5 micrometers, and the 60
second 1nsulating adhesive layer has a thickness equal to or
greater than about 2.5 micrometers and less than or equal to
about 3.5 micrometers.

In an embodiment, each of the first conductive balls and
cach of the second conductive balls have a diameter equal to 65
or greater than about 2.5 micrometers and less than or equal
to about 3.5 micrometers.

2

In an embodiment, the first viscosity 1s in a range equal to
or greater than about 15,000 Pa-s and less than or equal to
about 20,000 Pa-s, and the second viscosity 1s 1n a range
equal to or greater than about 30,000 Pa-s and less than or
equal to about 50,000 Pa-s.

In an embodiment, each of the first and second insulating,
adhesive layers includes an epoxy resin or an acrylic resin.

In an embodiment, the conductive adhesive film further
includes a third adhesive member including a third insulat-
ing adhesive layer having a third viscosity less than the first
V1SCOSsity.

In an embodiment, the third insulating adhesive layer has
a thickness equal to or greater than about 11.5 micrometers
and less than or equal to about 12.5 micrometers.

In an embodiment, the third viscosity i1s 1n a range equal

to or greater than about 800 Pa-s and less than or equal to
about 1,000 Pa-s.

In an embodiment, the first and second conductive balls
include a metal matenal.

In an embodiment, the metal material includes at least one
of mickel (N1), cobalt (Co), chromium (Cr), and 1ron (Fe).

In an embodiment, the second conductive balls are spaced
from each other at regular intervals.

According to some embodiments of the mnventive concept
there 1s provided a method of attaching an electronic device,
including: aligning a pad part of a first electronic compo-
nent, a conductive adhesive film, and a pad part of a second
clectronic component in sequence; attaching the pad part of
the first electronic component, the conductive adhesive film,
and the pad part of the second electronic component to each
other by applying pressure; applying heat to the conductive
adhesive film to harden the conductive adhesive film, the
conductive adhesive film including: a first adhesive member
including a first insulating adhesive layer having a first
viscosity, a plurality of first conductive balls being in the
first insulating adhesive layer; and a second adhesive mem-
ber including a second insulating adhesive layer having a
second viscosity greater than the first viscosity, a plurality of
second conductive balls being in the second insulating
adhesive layer.

In an embodiment, the first insulating adhesive layer has
a thickness equal to or greater than about 4.5 micrometers
and less than or equal to about 5.5 micrometers, the second
insulating adhesive layer has a thickness equal to or greater
than about 2.5 micrometers and less than or equal to about
3.5 micrometers, and each of the first conductive balls and
cach of the second conductive balls has a diameter equal to
or greater than about 2.5 micrometers and less than or equal
to about 3.5 micrometers.

In an embodiment, the first viscosity 1s 1n a range equal to
or greater than about 15,000 Pa-s and less than or equal to
about 20,000 Pa-s, and the second viscosity 1s 1n a range
equal to or greater than about 30,000 Pa-s and less than or
equal to about 50,000 Pa-s.

In an embodiment, each of the first and second 1nsulating,
adhesive layers includes an epoxy resin or an acrylic resin.

In an embodiment, the second conductive balls are spaced
from each other at regular intervals.

In an embodiment, the first electronic component includes
a display panel configured to display an image, and the
second electronic component 1ncludes a connection wiring
substrate including a flexible wiring substrate and a data
driving circuit.

In an embodiment, the first electronic component 1s a
main circuit board configured to apply image data, a control
signal, or a power supply voltage to a display panel, and the
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second electronic component 1includes a connection wiring
substrate including a flexible wiring substrate and a data
driving circuit.

According to the above, the contact resistance of the
conductive adhesive film may be reduced and the dispersion
of the number of the valid indentation impression may be
reduced.

In addition, during the attachment of the electronic
device, the contact resistance caused by the conductive
adhesive film may be reduced and the dispersion of the

number of the valid indentation impression, caused by the
conductive balls, may be reduced.

BRIEF DESCRIPTION OF THE FIGURES

The above and other aspects of the present disclosure waill
become readily apparent by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

FIG. 1 1s a plan view showing an electronic device
according to an exemplary embodiment of the present
disclosure:

FIG. 2 1s a cross-sectional view taken along the line I-I' of
FIG. 1;

FIG. 3A 1s a side view showing a second electronic
component according to an exemplary embodiment of the
present disclosure;

FIG. 3B 1s a plan view showing a second electronic
component according to an exemplary embodiment of the
present disclosure;

FIG. 4A 1s a plan view showing pad parts of two elec-
tronic components shown in FIG. 1 separated from each
other;

FIG. 4B 1s a plan view showing pad parts of two elec-
tronic components shown 1n FIG. 1 coupled to each other;

FIG. 4C 1s a cross-sectional view taken along the line
[I-II" shown 1n FIG. 4B;

FIGS. 5A-5C are cross-sectional views showing a method
of attaching two electronic components according to an
exemplary embodiment of the present disclosure;

FIG. 6 1s a flow diagram showing a method of attaching
clectronic devices according to an exemplary embodiment
of the present disclosure; and

FIGS. TA-7D are cross-sectional views showing conduc-
tive adhesive films according to exemplary embodiments of
the present disclosure.

DETAILED DESCRIPTION

The following description with reference to the accom-
panying drawings 1s provided to assist in a comprehensive
understanding of various embodiments of the present dis-
closure as defined by the claims and their equivalents. It
includes various specific details to assist in that understand-
ing but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize
that various suitable changes and modifications of the vari-
ous embodiments described herein can be made without
departing from the scope and spirit of the present disclosure.

Hereinafter, the present mvention will be explained in
detail with reference to the accompanying drawings.

FIG. 1 1s a plan view showing an electronic device 100
according to an exemplary embodiment of the present
disclosure; FIG. 2 1s a cross-sectional view taken along the
line I-I' of FIG. 1; FIG. 3A 15 a side view showing a second
clectronic component 120 according to an exemplary
embodiment of the present disclosure; and FIG. 3B 1s a plan
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view showing the second electronic component 120 accord-
ing to an exemplary embodiment of the present disclosure.

Referring to FIGS. 1 and 2, the electronic device 100
includes first, second, and third electronic components 110,
120, and 130. The first, second, and third electronic com-
ponents (e.g., the first, second, and third electronic devices)
110, 120, and 130 are electrically connected to each other. In
the present exemplary embodiment, the first electronic com-
ponent 110 may be, but 1s not limited to, an electric optical
panel, the second electronic component 120 may be, but 1s
not limited to, a connection wiring substrate, and the third
clectronic component 130 may be, but 1s not limited to, a
main circuit board. In the present exemplary embodiment,
the electronic device 100 includes three second electronic
components 120, but the number of the second electronic
components 120 should not be limited to three. That 1s, the
clectronic device 100 may include only one or two second
clectronic component 120 depending on the use or size
thereof.

As shown 1n FIG. 1, the electric optical panel 110 (here-
inafter, referred to as a display panel) may be a display panel
that applies a driving signal to a plurality of pixels PX to
display a desired image. The pixels PX are arranged 1n a
matrix form along a first direction DR1 and a second
direction DR2 substantially perpendicular to the first direc-
tion DR1. In the present exemplary embodiment, the pixels
PX 1include first, second, and third pixels respectively dis-
playing red, green, and blue colors R, G, and B. In addition,
the pixels PX may further include a portion of pixels
respectively displaying white, cyan, and magenta colors.
The pixels PX may be defined as a display part of the display
panel 110.

The display panel 110 may be, but 1s not limited to, a
liquid crystal display panel, an organic light emitting display
panel, an electrowetting display panel, or the like. In the
present exemplary embodiment, the display panel 110 wall
be described as an organic light emitting display panel.

When viewed i a plan view, the display panel 110
includes a display area DA in which the pixels PX are
arranged, a non-display area BA surrounding the display
area DA, and a mounting arca MA to which the second
clectronic component 120 1s coupled. In the present exem-
plary embodiment, the non-display area BA and the mount-
ing area MA may not be distinct from each other. That 1s, the
non-display areca BA may be omitted or the mounting area
MA may be a portion of the non-display area BA.

Referring to FIG. 2, the display panel 110 includes a
display substrate 112, a display element layer 114 disposed
on the display substrate 112, and a sealing layer 116 dis-
posed on the display element layer 114. The display sub-
strate 112 includes a base substrate, an insulating layer
disposed on the base substrate, a functional layer, and a
conductive layer. The conductive layer includes gate lines,
data lines, and other signal lines. In addition, the conductive
layer includes a pad part connected to the lines. The lines
apply the driving signal to the pixels PX.

The display element layer 114 includes a plurality of
isulating layers forming the pixels PX, a functional layer,
and a conductive layer. The functional layer includes an
organic light emitting layer. The sealing layer 116 1s dis-
posed on the display element layer 114. The sealing layer
116 protects the display element layer 114. The sealing layer
116 may cover a side surface of the display element layer
114. In addition, the sealing layer 116 may be omitted or
replaced with another display substrate according to the kind
of the display panel 110.
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A black matrix may be disposed in the non-display area
BA to block light. A gate driving circuit may be disposed 1n
the non-display area BA to apply a gate signal to the pixels
PX. In the present exemplary embodiment, a data driving
circuit may be further disposed in the non-display area BA.
The pad part may be disposed 1n the mounting area MA to
receive a signal provided from the second electronic com-
ponent 120.

Referring to FIGS. 1 and 2, the second electronic com-
ponents 120 includes a flexible wiring substrate 122 and a
data driving circuit 125. The data driving circuit 1235
includes at least one driving chip. The data driving circuit
125 1s electrically connected to wires of the flexible wiring
substrate 122. The data driving circuit 125 and the flexible
wiring substrate 122 are electrically connected to each other
by a conductive adhesive film 140.

In the case where the second electronic component 120
includes the data driving circuit 125, the pad part of the
display panel 110 includes data pads electrically connected
to data lines and control signal pads electrically connected to
control signal lines. The data lines are connected to the
pixels PX and the control signal lines are connected to the
gate driving circuit. In the present exemplary embodiment,
the second electronic component 120 1s configured to have
a chip-on-film (COF) type package, but it should not be
limited thereto or thereby.

Hereinatter, the second electronic component 120 will be
described 1n detail with reference to FIGS. 3A and 3B. The
flexible wiring substrate 122 includes an 1nsulating layer, a
plurality of pads CPD, IPD-120, and OPD-120, and a
plurality of lines SL-120. The pads CPD, IPD-120, and
OPD-120 and the lines SL-120 are disposed on the msulat-
ing layer. The msulating layer includes polyimide and/or the
like.

The pads CPD, IPD-120, and OPD-120 include contact

pads CPD making contact with contact terminals of the data
driving circuit 125, mput pads IPD-120 making contact with
the third electronic component 130, and output pads OPD-
120 making contact with the display panel 110. The input
pads IPD-120 are collectively referred to as an input pad part
IPP-120 disposed at one side portion of the flexible wiring
substrate 122, and the output pads OPD-120 are collectively
referred to as an output pad part OPP-120 disposed at the
other side portion of the flexible wiring substrate 122. In the
present exemplary embodiment, the contact pads CPD are
arranged at both sides of the data driving circuit 125, but the
contact pads CPD may be randomly arranged to correspond
to the contact pads of the data driving circuit 1235 diflerent
from the arrangement of the contact pads CPD.

In the present exemplary embodiment, each of the input
pad part IPP-120 and the output pad part OPP-120 includes
one pad row. The pad row includes a plurality of pads
arranged 1n the first direction DR1. Each of the input pad
part IPP-120 and the output pad part OPP-120 may include
a plurality of pad rows.

A portion of the lines SL-120 connects the contact pads
CPD and the mput pads IPD-120 and the other portion of the
lines SLL-120 connects the contact pads CPD and the output
pads OPD-120. The lines SL-120 may directly connect a
portion of the mput pads IPD-120 and a portion of the output
pads OPD-120.

The flexible wiring substrate 122 may further include a
solder resist layer disposed on the insulating layer to cover
at least two lines SL-120. The solder resist layer may further
cover a surrounding of the pads CPD, IPD-120, and OPD-
120 and expose at least the pads CPD, IPD-120, and
OPD-120. To this end, openings are formed through the
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solder resist layer to respectively correspond to the pads
CPD, IPD-120, and OPD-120.

In addition, the flexible wiring substrate 122 includes
alignment marks AM2 and AM20 required for a bonding
process described later. FIG. 3B shows four first alignment
marks AM2 spaced apart from the pads CPD, IPD-120, and
OPD-120, and shows four second alignment marks AM20
connected to the mput pads IPD-120 and the output pads
OPD-120. One of the first and second alignment marks AM?2
and AM20 may be omitted.

In the present exemplary embodiment, a surface on which
the mput pads IPD-120 and the output pads OPD-120 are
exposed 1s referred to as a coupling surface CS and a surface
opposite to the coupling surface CS 1s referred to as a
non-coupling surface NCS. In the present exemplary
embodiment, the data driving circuit 125 1s disposed on the
coupling surface CS, but 1t should not be limited thereto or
thereby. That 1s, the data driving circuit 125 may be disposed
on the non-coupling surface NCS.

Referring to FIGS. 1 and 2, the third electronic compo-
nent 130 applies image data, control signals, and power
supply voltages to the display panel 110 and/or the data
driving circuit 125. The third electromic component 130
serves as a wiring substrate different from the tlexible wiring
substrate 122 and includes an active device and a passive
device. The third electronic component 130 1s a flexible
wiring substrate or a rigid wiring substrate, and includes a
pad part connected to the flexible wiring substrate 122.

Referring to FIGS. 1 to 3B, the output pad part OPP-120
of the flexible wiring substrate 122 1s electrically connected
to the pad part of the display panel 110 by the conductive
adhesive film 140. The input pad part IPP-120 of the flexible
wiring substrate 122 is electrically connected to the pad part
of the third electronic component 130 by the conductive
adhesive film 140. The conductive adhesive film 140 may
be, but 1s not limited to, an anisotropic conductive film
(ACF). In the present exemplary embodiment, the conduc-
tive adhesive film 140 may be replaced with a solder bump.

The pad part of the display panel 110 includes pads
corresponding to the output pads OPD-120 of the flexible
wiring substrate 122. In addition, the pad part of the third
clectronic component 130 includes pads corresponding to
the input pads IPP-120 of the flexible wiring substrate 122.

Hereinalter, an electrical connection structure between
the first, second, and third electronic components 110, 120,
and 130 will be described 1n detail with reference to the pad
part of the display panel 110 and the output pad part
OPP-120 of the flexible wiring substrate 122. The electrical
connection structure between the second and third electronic
components 120 and 130 may correspond to the electrical
connection structure between the pad part of the display
panel 110 and the output pad OPP-120 of the flexible wiring
substrate 122. In addition, the electronic device 100 accord-
ing to the present exemplary embodiment 1s configured to
include the first, second, and third electronic components
110, 120, and 130; however, one of the first and third
clectronic components 110 and 130 may be omitted.

FIG. 4A 1s a plan view showing the pad parts of the two
clectronic components shown in FIG. 1 separated from each
other; FIG. 4B 1s a plan view showing the pad parts of the
two electronic components shown 1n FIG. 1 coupled to each
other; and FIG. 4C 1s a cross-sectional view taken along the
line II-1I" shown 1n FIG. 4B,

Referring to FIG. 4A, the display panel 110 includes an
input pad part IPP-110 corresponding to the output pad part
OPP-120 of the flexible wiring substrate 122. The input pad
part IPP-110 includes 1mnput pads IPD-110 corresponding to
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the output pads OPD-120 of the flexible wiring substrate
122. In the present exemplary embodiment, the input pads
IPD-110 correspond to the output pads OPD-120 1 a
one-to-one correspondence; however, they should not be
limited thereto or thereby. That 1s, according to another
embodiment, the number of pads and pad rows included 1n
the 1input pad part IPP-110 may be diflerent from the number
of pads and pad rows included in the output pad part
OPP-120.

The display panel 110 1includes first and second alignment
marks AM1 and AM10 respectively corresponding to the
first and second alignment marks AM2 and AM20 of the
flexible wiring substrate 122. One of the first and second
alignment marks AM1 and AM10 may be omitted.

Referring to FIG. 4B, the output pads OPD-120 of the
flexible wiring substrate 122 are electrically connected to the
iput pads IPD-110 of the display panel 110. The output pad
part OPP-120 and the input pad part IPP-110 are aligned
using the first and second alignment marks AM2 and AM20
of the flexible wiring substrate 122 and the first and second
alignment marks AM1 and AM10 of the display panel 110,
and an alignment correction 1s performed along the second
direction DR2. Then, the output pads OPD-120 are coupled
to the input pads IPD-110 such that the conductive adhesive
film 140 1s disposed between the output pads OPD-120 and
the mput pads IPD-110 using a suitable tool.

Referring to FIG. 4C, signal lines SL.-110 are disposed on
the base substrate 110-BS of the display panel 110. An
insulating layer 100-IL 1s disposed on the base substrate
110-BS. The insulating layer 110-IL includes a barrier layer
and passivation layers. The mput pads IPD-110 are disposed
on the msulating layer 110-IL and connected to the signal
lines SL-110 through thru-holes (e.g., openings) 110-ILOP
formed through the msulating layer 110-IL.

The lines SL-120 (e.g., refer to FIG. 4B) and the output
pads OPD-120 connected to the lines SL-120 are disposed
on the isulating layer 120-1L of the flexible wiring substrate
122. The lines SL-120 and the output pads OPD-120 are
disposed on the same layer. In the present exemplary
embodiment, the lines SL-120 and the output pads OPD-120
may be disposed on different layers from each other such
that another insulating layer i1s disposed between the lines
SLL.-120 and the output pads OPD-120. In this case, the lines
S[L.-120 are connected to the output pads OPD-120 through
thru-holes (e.g., openings) formed through another msulat-
ing layer.

The solder resist layer 120-SR 1s disposed on the 1nsu-
lating layer 120-IL. The output pads OPD-120 are exposed
to the outside through thru-holes (e.g., opemings) 120-SROP
tformed through the solder resist layer 120-SR. In the present
exemplary embodiment, the solder resist layer 120-SR cov-
ers only the lines SI.-120 and does not cover the output pads
OPD-120.

The output pads OPD-120 are electrically connected to
the mput pads IPD-110 through the conductive adhesive film
140. Each of the output pads OPD-120 1s electrically con-
nected to a corresponding iput pad of the iput pads
IPD-110 through a plurality of conductive balls included 1n
the conductive adhesive film 140.

FIGS. SA, 5B, and 5C are cross-sectional views showing
a method of attachung the two electronic components 110
and 120 according to an exemplary embodiment of the
present disclosure; and FIG. 6 1s a flow diagram showing a
method of attachuing the electronic device 100 according to
an exemplary embodiment of the present disclosure.

For the convenience of explanation, FIGS. SA to 5C show

only the base substrate 110-BS and the input pads IPD-110
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of the first electronic component 110, and the insulating
layer 120-IL and the output pads OPD-120 of the second
clectronic component 120. The base substrate 110-BS and
the mput pads IPD-110 shown 1n FIGS. 5A to 5C correspond
to the mput pad part IPP-110 shown in FIG. 4A. In addition,
the msulating layer 120-IL and the output pads OPD-120
shown 1 FIGS. 5A to 5C correspond to the output pad part
OPP-120 shown i FIG. 4A.

In FIGS. SA and 6, the first electronic component 110, the
conductive adhesive film 140, and the second electronic
component 120 are sequentially arranged (S10). Each of the
iput pads IPD-110 1s disposed to overlap with a corre-
sponding output pad of the output pads OPD-120 1n a third
direction DR3.

In FIGS. 5B and 6, the first electronic component 110, the
conductive adhesive film 140, and the second electronic
component 120 are attached to each other by applying a
pressure to the first electronic component 110, the conduc-
tive adhesive film 140, and the second electronic component
120 (S20). In the present exemplary embodiment, the con-
ductive adhesive film 140 may be firstly attached to the input
pads IPD-110. However, the conductive adhesive film 140
may be firstly attached to the output pads OPD-120 accord-
ing to another embodiment. In addition, the conductive
adhesive film 140 may be substantially simultaneously or
concurrently attached to the input pads IPD-110 and the
output pads OPD-120.

In FIGS. 5C and 6, the first and second electronic com-
ponents 110 and 120 are compressed to each other (i.e.,
pressed against each other) and heated (S30). When a
pressure 1s applied to the first and second electronic com-
ponents 110 and 120 1n the third direction DR3 such that the
first and second electronic components 110 and 120 are
closer to each other, the conductive adhesive film 140 having
a viscosity 1s deformed by the pressure. That 1s, the shape of
the conductive adhesive film 140 1s deformed to correspond
to the shape of each of the first and second electronic
components 110 and 120.

In the case where the first and second electronic compo-
nents 110 and 120 are attached to each other by the con-
ductive adhesive film 140, each of the input pads IPD-110 1s
clectrically connected to the corresponding output pad of the
output pads OPD-120 by the conductive balls distributed 1n
the conductive adhesive film 140.

The mput pads IPD-110 are insulated from each other by
an 1insulating adhesive layer included in the conductive
adhesive film 140. The output pads OPD-120 are mnsulated
from each other by the msulating adhesive layer included 1n
the conductive adhesive film 140. Each of the mput pads
IPD-110 1s 1mnsulated from the output pads OPD-120, which
are not overlapped with the input pads IPD-110 1n the third
direction DR3, by the msulating adhesive layer included 1n
the conductive adhesive film 140.

When the conductive adhesive film 140 1s heated, the
conductive adhesive film 140 having viscosity 1s hardened.
That 1s, the conductive adhesive film 140 1s hardened by the
heat. When the conductive adhesive film 140 1s hardened,
the first and second electronic components 110 and 120 are
completely attached to each other.

FIGS. 7A, 7B, 7C, and 7D are cross-sectional views
showing conductive adhesive films 140, 140-1, 140-2, and
140-3 according to an exemplary embodiment of the present
disclosure. The conductive adhesive films 140, 140-1, 140-
2, and 140-3 shown 1n FIGS. 7A to 7D are belfore hardening
as those shown in FIGS. 5A and 5B.

Referring to FIG. 7A, the conductive adhesive film 140

according to the present exemplary embodiment includes a
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first adhesive member 141 and a second adhesive member
142. The second adhesive member 142 1s disposed adjacent
to a lower portion of the first adhesive member 151 1n the
third direction DR3.

The first adhesive member 141 includes a first mnsulating,
adhesive layer 141-R having a first viscosity and a plurality
ol first conductive balls 141-B distributed in the first insu-
lating adhesive layer 141-R. The second adhesive member
142 1includes a second insulating adhesive layer 143-R
having a second viscosity and a plurality of second conduc-
tive balls 142-B distributed 1n the second 1nsulating adhesive
layer 142-R. The second viscosity 1s greater than the first
viscosity. The first viscosity 1s 1n a range from about 15,000
Pa-s to about 20,000 Pa-s. The second viscosity 1s 1n a range

from about 30,000 Pa-s to about 50,000 Pa-s. Here, 1 Pa-s 1s

equal to 1 Ns/m”.

Each of the first and second insulating adhesive layers
141-R and 142-R includes an insulating polymer, e.g., an
epoXy resin, an acrylic resin, and/or the like. The epoxy resin
has a chemical structure 1n which bisphenol A 1s repeated. In
addition, the epoxy resin 1s a phenoxy polymer having an
epoxy functional group at a terminal end thereof. The acrylic
resin 1s a urethane acrylate or methacrylate polymer has a
urethane connection structure (—NHCO—O—) and an
acrylate or methacrylate tunctional group at a terminal end
thereof.

According to the present exemplary embodiment, a dif-
ference between the first viscosity and the second viscosity
may be controlled by adjusting a molecular weight of the
insulating polymer included 1n the first and second insulat-
ing adhesive layer 141-R and 142-R. For instance, when the
molecular weight of the insulating polymer included in the
second insulating adhesive layer 142-R 1s greater than the
molecular weight of the insulating polymer included in the
first msulating adhesive layer 141-R, the second viscosity
may be greater than the first viscosity.

In addition, each of the first and second insulating adhe-
sive layers 141-R and 142-R may further include additives,
such as a filler, a softner, an accelerant, a colerant, a flame
retardant, a photostabilizer, a cross-linking agent, a polym-
erization inhibitor, a curing agent, and/or the like, 1f desired.

The first and second conductive balls 141-B and 142-B
may be conductive fine particles. The conductive fine par-
ticles may be conductive particles including a metal material
or a metal oxide material, or particles each including an
insulating material as its core and a metal or metal oxide
material coated on the core. As the metal material, nickel
(N1), iron (Fe), copper (Cu), aluminum (Al), tin (Sn), zinc
(Zn), chromium (Cr), cobalt (Co), silver (Ag), gold (Au),
and/or the like may be used.

The first msulating adhesive layer 141-R has a thickness
TN1 (heremafter, referred to as a first thickness) of about 4.5
micrometers to about 5.5 micrometers. The second insulat-
ing adhesive layer 142-R has a thickness TN2 (heremafter,
referred to as a second thickness) of about 2.5 micrometers
to about 3.5 micrometers. Each of the first conductive balls
141-B has a diameter DM1 of about 2.5 micrometers to
about 3.5 micrometers and each of the second conductive
balls 142-B has a diameter DM2 of about 2.5 micrometers
to about 3.5 micrometers.

Because the first thickness TIN1 1s greater than the diam-
eter DM1 of each of the first conductive balls 141-B, the first
conductive balls 141-B are 1irregularly distributed (e.g.,
non-uniformly distributed) in the first mnsulating adhesive
layer 141-R. In addition, because the viscosity of the first
insulating adhesive layer 141-R 1s relatively low, the first
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conductive balls 141-B are relatively free to move 1n the first
insulating adhesive layer 141-R.

The first insulating adhesive layer 141-R has low viscos-
ity, and thus the first insulating adhesive layer 141-R 1s
casily spread by the pressure. Accordingly, a complete
contact surface 1s formed when the first electronic compo-
nent 110 1s attached to the second electronic component 120,
so that the contact resistance may be reduced.

Because the first thickness TN1 1s greater than the diam-
eter DM1 of each of the first conductive balls 141-B, the first
and second electronic components 110 and 120 are more
securely attached to each other by the viscosity of the first
insulating adhesive layer 141-R.

The second thickness TN2 1s substantially equal to the
diameter DM2 of each of the second conductive balls 142-B.
Therefore, the second conductive balls 142-B are regularly
distributed (e.g., uniformly distributed) 1n the second 1nsu-
lating adhesive layer 142-R. The second conductive balls
142-B are spaced apart from each other at different intervals
in the third direction DR3. Because the viscosity of the
second isulating adhesive layer 142-R 1s relatively high,
the second conductive balls 142-B may be held in the second
insulating adhesive layer 142-R without moving.

Because the second conductive balls 142-B are held 1n the
second msulating adhesive layer 142-R, the second conduc-
tive balls 142-B do not move while the first electronic
component 110 1s attached to the second electronic compo-
nent 120 as shown in FIGS. 5A to 5C, and thus the
dispersion of the number of valid indentation 1mpressions
may be lowered. The term “valid indentation 1mpression”™
used herein refers to marks appearing on the input pads
IPD-110 (e.g., refer to FIG. SA) and the output pads OPD-
120 (e.g., refer to FIG. SA) by the conductive balls 141-B
and 142-B while the first and second electronic components
110 and 120 are attached to each other.

However, different from the present exemplary embodi-
ment ol the present disclosure, 1f the first and second
insulating adhesive layers 141-R and 142-R have the same
or substantially the same viscosity, the following problems
may occur. If the first and second 1nsulating adhesive layers
141-R and 142-R have low viscosity, the dispersion of the
number of valid indentation impressions becomes high
because the second conductive balls 142-B are not securely
held. On the contrary, if the first and second insulating
adhesive layers 141-R and 142-R have the high viscosity, the
first and second insulating adhesive layers 141-R and 142-R
are not sufliciently spread to the side of the mput pads
IPD-110 and the output pads OPD-120, and as a result, the
adhesive performance of the first and second insulating
adhesive layers 141-R and 142-R 1s degraded. In addition, 1f
the first and second insulating adhesive layers 141-R and
142-R have the high wviscosity, the contact resistance
becomes high.

As shown 1n FIG. 7B, the conductive adhesive film 140-1
according to the present exemplary embodiment includes a
first adhesive member 141, a second adhesive member 142,
and a third adhesive member 143.

The first and second adhesive members 141 and 142 have
the same or substantially the same functions as those
described with reterence to FIG. 7A, and thus details thereof
may not be repeated to avoid redundancy.

The third adhesive member 143 1s disposed adjacent to an
upper portion of the first adhesive member 141 1n the third
direction DR3. The third adhesive member 143 includes a
third msulating adhesive layer 143-R having the third vis-
cosity. The third viscosity 1s less than the first viscosity and
1s 1n a range of about 800 Pa-s to about 1,000 Pa-s.
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Diflerent from the first and second adhesive members 141
and 142, the third adhesive member 143 may not include the
conductive balls 141-B and 142-B.

Similar to the first and second insulating adhesive layers
141-R and 142-R, the third insulating adhesive layer 143-R

may 1nclude an insulating polymer as described with refer-
ence to FIG. 5, and thus detailed descriptions of the insu-
lating polymer may not be repeated.

The third insulating adhesive layer 143-R has a thickness
TN3 (heremnafter, referred to as a third thickness) of about
11.5 micrometers to about 12.5 micrometers. Accordingly,

the third thickness TN3 1s greater than the first thickness
TN1 or the second thickness TN2.

Referring to FIGS. 5A to 5C, the third insulating adhesive
layer 143-R allows the thickness of the conductive adhesive
film 140-1 to be thick, and thus an area of the insulating
layer 120-IL, 1n which the output pads OPD-120 are not
disposed, and an area of the base substrate 110-BS, 1n which
the mput pads IPD-110 are not disposed, may be easily
attached to each other by the conductive adhesive film
140-1.

As shown 1n FIG. 7C, the conductive adhesive film 140-2
according to the present exemplary embodiment includes a
first adhesive member 141 and a second adhesive member
142.

Diflerent from the conductive adhesive film 140 shown in
FIG. 7A, the second adhesive member 142 1s disposed
adjacent to an upper portion of the first adhesive member
141 1n the third direction DR3.

The first and second adhesive members 141 and 142
shown 1 FIG. 7C are substantially the same as those
described with reference to FIG. 7TA except for a vertical

arrangement relationship of the first and second adhesive
members 141 and 142.

As shown 1n FIG. 7D, the conductive adhesive film 140-3
according to the present exemplary embodiment includes a
first adhesive member 141, a second adhesive member 142,
and a third adhesive member 143.

Diflerent from the conductive adhesive film 140-1 shown
in FIG. 7B, the third adhesive member 143 1s disposed
adjacent to an upper portion of the second adhesive member
142 1n the third direction DR3.

The first, second, and third adhesive members 141, 142,
and 143 shown in FIG. 7D are substantially the same as
those described with reference to FIGS. 5A and 5B except
for a vertical arrangement relationship of the first, second,
and third adhesive members 141, 142, and 143.

It will be understood that, although the terms “first”,
“second”, “third”, etc., may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, a first element, component, region,
layer or section discussed below could be termed a second
clement, component, region, layer or section, without
departing from the spirit and scope of the inventive concept.

Spatially relative terms, such as “lower”, “upper” and the
like, may be used herein for ease of description to describe
one element or feature’s relationship to another element(s)
or feature(s) as illustrated 1n the figures. It will be under-
stood that the spatially relative terms are intended to encom-
pass different orientations of the device 1n use or in opera-
tion, 1n addition to the orientation depicted 1n the figures. In

addition, 1t will also be understood that when a layer is
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referred to as being “between” two layers, 1t can be the only
layer between the two layers, or one or more intervening
layers may also be present.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not imtended to be limiat-
ing of the inventive concept. As used herein, the singular
forms “a” and “an” are mtended to 1include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “include,” “including,”
“comprises,” and/or “comprising,” when used 1n this speci-
fication, specily the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed 1tems. Expressions such as “at least one of,”
when preceding a list of elements, modify the entire list of
clements and do not modify the individual elements of the
list. Further, the use of “may” when describing embodiments
of the inventive concept refers to “one or more embodiments
of the mventive concept.” Also, the term “exemplary™ 1s
intended to refer to an example or illustration.

It will be understood that when an element or layer 1s
referred to as being “on”, “connected to”, “coupled to”, or
“adjacent” another element or layer, 1t can be directly on,
connected to, coupled to, or adjacent the other element or
layer, or one or more intervening elements or layers may be
present. When an element or layer 1s referred to as being
“directly on,” “directly connected to”, “directly coupled to”,
or “immediately adjacent” another element or layer, there
are no itervening elements or layers present.

As used herein, the term “substantially,” “about,” and
similar terms are used as terms of approximation and not as
terms of degree, and are intended to account for the inherent
variations 1n measured or calculated values that would be
recognized by those of ordinary skill in the art.

As used herein, the terms “use,” “using,” and “used” may
be considered synonymous with the terms “utilize,” “utiliz-
ing,” and “utilized,” respectively.

Also, any numerical range recited herein 1s intended to
include all subranges of the same numerical precision sub-
sumed within the recited range. For example, a range of “1.0
to 10.0” 1s mtended to include all subranges between (and
including) the recited minimum value of 1.0 and the recited
maximum value of 10.0, that 1s, having a minimum value
equal to or greater than 1.0 and a maximum value equal to
or less than 10.0, such as, for example, 2.4 to 7.6. Any
maximum numerical limitation recited herein 1s intended to
include all lower numerical limitations subsumed therein
and any minimum numerical limitation recited 1n this speci-
fication 1s intended to include all higher numerical limita-
tions subsumed therein. Accordingly, Applicant reserves the
right to amend this specification, including the claims, to
expressly recite any sub-range subsumed within the ranges
expressly recited herein. All such ranges are intended to be
inherently described 1n this specification such that amending
to expressly recite any such subranges would comply with
the requirements of 35 U.S.C. § 112, first paragraph, and 35
U.S.C. § 132(a). Although the exemplary embodiments of
the present invention have been described, it 1s understood
that the present invention should not be limited to these
exemplary embodiments but various suitable changes and
modifications can be made by one of ordinary skill 1n the art
within the spirit and scope of the present invention as
defined by the following claims and equivalents thereof.
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What 1s claimed 1s:

1. A conductive adhesive film comprising:

a first adhesive member comprising a first insulating
adhesive layer having a first viscosity, a plurality of first
conductive balls being in the first insulating adhesive
layer; and

a second adhesive member comprising a second insulat-
ing adhesive layer having a second viscosity greater
than the first viscosity, a plurality of second conductive
balls being in the second insulating adhesive layer,

wherein the first viscosity 1s 1n a range equal to or greater
than about 15,000 Pa-s and less than or equal to about
20,000 Pa-s, and the second viscosity 1s 1n a range equal
to or greater than about 30,000 Pa-s and less than or
equal to about 50,000 Pa-s.

2. The conductive adhesive film of claim 1, wherein the
first adhesive member 1s adjacent to the second adhesive
member.

3. The conductive adhesive film of claim 2, wherein the
second 1nsulating adhesive layer has a thickness that 1s
substantially equal to a diameter of each of the second
conductive balls.

4. The conductive adhesive film of claim 1, wherein the
first 1insulating adhesive layer has a thickness equal to or
greater than about 4.5 micrometers and less than or equal to
about 5.5 micrometers, and the second insulating adhesive
layer has a thickness equal to or greater than about 2.5
micrometers and less than or equal to about 3.5 micrometers.

5. The conductive adhesive film of claim 4, wherein each
ol the first conductive balls and each of the second conduc-
tive balls have a diameter equal to or greater than about 2.5
micrometers and less than or equal to about 3.5 micrometers.
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6. The conductive adhesive film of claim 1, wherein each
of the first and second insulating adhesive layers comprises
an epoxy resin or an acrylic resin.

7. The conductive adhesive film of claim 1, wherein the
first and second conductive balls comprise a metal material.

8. The conductive adhesive film of claim 7, wherein the

metal material comprises at least one of nickel (N1), cobalt
(Co), chromium (Cr), and 1ron (Fe).

9. The conductive adhesive film of claim 1, wherein the
second conductive balls are spaced from each other at
regular 1ntervals.

10. A conductive adhesive film comprising:

a first adhesive member comprising a first insulating
adhesive layer having a first viscosity, a plurality of first
conductive balls being in the first insulating adhesive
layer; and

a second adhesive member comprising a second insulat-
ing adhesive layer having a second viscosity greater
than the first viscosity, a plurality of second conductive
balls being 1n the second sulating adhesive layer; and

a third adhesive member comprising a third insulating
adhesive layer having a third viscosity less than the first
V1SCOsity.

11. The conductive adhesive film of claim 10, wherein the
third 1nsulating adhesive layer has a thickness equal to or
greater than about 11.5 micrometers and less than or equal
to about 12.5 micrometers.

12. The conductive adhesive film of claim 10, wherein the
third viscosity 1s 1n a range equal to or greater than about 800
Pa-s and less than or equal to about 1,000 Pa-s.
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